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^LAIMS 

C<y\ We claim: 

1 . An isolated polypeptide comprising a sequence of amino acid residues 
that is at least 90% iden^cal to residues 41 (Gin) to 148 (He) as shown in SEQ ID NO: 2, 
wherein the residue at position 44 is Asp, the residue at position 47 is Asp and the residue at 
position 135 is Glu. \ 

2. The isolated polypeptide of claim 1, wherein amino acid residues 71, 
78, 122 and 125 are cysteine. 



3. The isolated polypeptide of claim 1, wherein the sequence of amino 
acid residues is at least 95% identical to SEQ ID NO: 2, from residues 41 (Gin) to 148 (He). 



4. The isolated polypeptide of claim 1, wherein the sequence of amino 
acid residues is 100% identical to SEQ ID NO: 2 from residues 41 (Gin) to 148 (He). 



The isJilated polypeptide of claim 1, wherein the polypeptide binds the 



zalphal 1 receptor as shown in\SEQ ID NO: 115. 

6. An isolated polypeptide comprising a sequence of amino acid residues 
as shown in SEQ ID NO: 2 fromVesidue 32 (Gin) to residue 162 (Ser) or as shown in SEQ ID 
NO: 56 (Mouse) from residue 23 (©In) to residue 146 (Ser). 




7. The isolated polypeptide of claim 6, wherein the sequence of amino 
acid residues as shown in SEQ ID NOt 2 is residue 1 (Met) to residue 1 62 (Ser) or as shown 
in SEQ ID NO: 56 (Mouse) is residue 1 VMet) to residue 146 (Ser). 



8. An isolated polypebtide comprising at least 14 contiguous amino acid 
residues of SEQ ID NO: 2 or SEQ ID NO:V6. 



9. The isolated polypeptide of claim 8, wherein the amino acid residues 
are selected from the group consisting of: 

(a) amino acid residues 41-56 of SEQ ID NO: 2; 

(b) amino acid residues 69-84 of SEQ ID NO: 2; 

(c) amino acid residues 92-105 of SEQ ID NO: 2; and 

(d) amino acid residues 135-148 of SEQ ID NO: 2. 



10. A fusion protein comprising at least four polypeptides, wherein the 
order of polypeptides from N-terminus to C-terminus are: 

a first polypeptide that comprises a sequence of a^ino acid residues from 41 
to 56 of SEQ ID NO: 2; 

a first spacer of 6-27 amino acid residues; 

a second polypeptide that comprises a sequence of amino acid residues 
selected from the group consisting of: 

(a) IL-2 helix B residues 53-75 of SEQ ID NO: 111; 

(b) IL-4 helix B residues 65-83y6f SEQ ID NO: 1 12; 

(c) IL-15 helix B residiie^84^0l/of SEQ ID NO: 1 13; 

(d) GMCSF helix B rdsiduc/ll-Sl of SEQ ID NO: 1 14; and 

(e) amino acid residues 69^84 of SEQ ID NO: 2; 
a second spacer of 5-1 1 amino^cid residues; 

a third polypeptide that comprises a sequence of amino acid residues selected 
from the group consisting of: 

(a) IL-2 helix C residues 87-99 of SEQ ID NO: 111; 

(b) IL-4 helix c/esidues 95-118 of SEQ ID NO: 112; 

(c) IL-15helix/C residues 107-1 19 of SEQ ID NO: 113; 

(d) GMCSF /elix C residues 91-102 of SEQ ID NO: 1 14; and 

(e) amino sfcid residues 92-105 of SEQ ID NO: 2; 
a third spacer o£^-29 amino acid residues; and 

a fourth polypeptide that comprises a sequence of amino acid residues selected 
from the group consisting 

(a)/lL-2 helix D residues 103-121 of SEQ ID NO: 111; 



(b) IL-15 helix D residues 134-157 of SEQ ID NO: 11^; 

(c) IL-4 helix D residues 134-160 of SEQ ID NO: IB; 

(d) GMCSF helix D residues 120-131 of SEQ ID MO: 1 14; and 

(e) amino acid residues 135-148 of SEQ ID NO: TL. 

11. A fusion protein comprising at least four polypeptides, wherein the 
order of polypeptides from N-terminus to C-terminus are: / 

a first polypeptide that comprises a sequence of sunino acid residues selected 
from a group consisting of: / 

(a) IL-2 helix A residues 36-46 of SEo/d NO: 1 1 1 ; 

(b) IL-4 helix A residues 29-43 of SEy6 ID NO: 1 12; 

(c) IL-15 helix A residues 45-68 of JSEQ ID NO: 1 13; 

(d) GMCSF helix A residues 30-44 of SEQ ID NO: 1 14; and 

(e) amino acids residues 4l/56 M" SEO' ID NO: 2; 
a first spacer of 6-27 amino acid residiaes; / 

a second polypeptide that con^rise^.^ sequence of amino acid residues 
selected from the group consisting of: / 

(a) IL-2 helix B residues /3-75 of SEQ ID NO: 1 1 1 ; 

(b) ; IL-4 helix B residu/s 65-83 of SEQ ID NO: 112; 

(c) IL-15 helix B residdes 84-101 of SEQ ID NO: 1 13; 

(d) GMCSF helix Byfesidues 72-81 of SEQ ID NO: 1 14; and 

(e) amino acid resMflues 69-84 of SEQ ID NO: 2; 
a second spacer of 5-1 1 amino acid residues; 

a third polypeptide thaft comprises a sequence of amino acid residues selected 
from the group consisting of: / 

(a) IL-2 helik C residues 87-99 of SEQ ID NO: 111; 

(b) IL-4 h^ix C residues 95-1 18 of SEQ ID NO: 112; 

(c) IL- 1 s/helix C residues 1 07- 1 1 9 of SEQ ID NO: 1 1 3 ; 

(d) GMCSF helix C residues 91-102 of SEQ ID NO: 1 14; and 

(e) ai^no acid residues 92-105 of SEQ ID NO: 2; 
a third spacer of 3-29 amino acid residues; and 



a fourth polypeptide that comprises a sequence of amino Acid residues from 
135-148 of SEQ ID NO: 2. / 



12. A fusion protein according to claim 10, wherein the fourth polypeptide 
comprises amino acid residues 135-148 of SEQ ID NO: 2, / 

13. An isolated polynucleotide molecul^ comprising a sequence of 
nucleotides that encode the polypeptide of claim 1 . / 

14. The isolated polynucleotide mo/ecule of claim 13, wherein the 
nucleotides are as shown in SEQ ID NO: 1 from nucleotide 167 to nucleotide 490 or as 
shown in SEQ ID NO: 3 from nucleotide 121 to nucla6tide 444. 

15. An isolated polynucleotide molecule comprising a sequence of 
nucleotides that encode for the polypeptide ®f clanm 8. / 

16. An isolated polynucleotide molecule comprising a sequence of 
nucleotides that encode the polypeptide ds shown in SEQ ID NO: 2 from residue 32 to 
residue 162 or as shown in SEQ ID NO: /6 from residue 23 to residue 146. 

17. The isolated polynucleotide molecule of claim 16, wherein the 
nucleotides are as shown in SEQ ID NO: 1 from nucleotide 140 to nucleotide 532 or as 
shown in SEQ ID NO: 3 from nucfeotide 94 to nucleotide 486. 

18. An isolated polynucleotide molecule comprising a sequence of 
nucleotides that encode the polypeptide as shown in SEQ ID NO: 2 from residue 1 to residue 
162 or as shown in SEQ ID^JO: 56 from residue 1 to residue 146. 

19. TMe isolated polynucleotide molecule of claim 18, wherein the 
nucleotides are as shown in SEQ ID NO: 1 from nucleotide 47 to nucleotide 532 or as shown 
in SEQ ID NO: 3 from nucleotide 1 to nucleotide 486. 



20. An expression vector comprising the foUowiny^ operably linked 
elements: / 

(a) a transcription promoter; / 

(b) a DNA segment encoding a polypeptide comprising a sequence of amino 
acid residues selected from the group consisting of: / 

(a) amino acid residues 41-56 of SEQ^D NO: 2; 

(b) amino acid residues 69-84 of SBQ ID NO: 2; 

(c) amino acid residues 92-105 ofi^EQ ID NO: 2; and 

(d) amino acid residues 135-14/of SEQ ID NO: 2; and 

(c) a transcription terminator. / 

21. An expression vector cornprising the following operably linked 
elements: / / 

(a) a transcription promoter; r / / 

(b) a DNA segment encodingy&^ySlypeptide comprising a sequence of amino 
acid residues that is at least 90% identical \p residues 41 (Gin) to 148 (He) as shown in SEQ 
ID NO: 2, wherein the residue at position 44 is Asp, the residue at position 47 is Asp and the 
residue at position 135 is Glu; and / 

(c) a transcription terminator. 

22. An expression vector comprising the following operably linked 
elements: / 

(a) a transcription/promoter; 

(b) a DNA segment encoding a polypeptide comprising amino acid residues 32 
(Gin) to 162 (Ser) of SEQ ID^O: 2; and 

(c) a transcription terminator. 

23. ^cultured cell comprising the expression vector according to any one 
of claims 20, 21 or 22/ 



24. A method of producing a protein comprising: 
culturing a cell according to claim 23 under conditions wherein the DNA 



segment is expressed; and 



recovering the protein encoded by the DNA segment. 



25, A method of producing an antibody a zaiphall Ligand polypeptide 



comprismg: 



inoculating an animal with a polypeptme selected from the group consisting 



of: 



(a) a polypeptide consisting of 9 to/ 131 amino acids, wherein the polypeptide 
is identical to a contiguous sequence of aminoAcid residues in SEQ ID NO:2 from amino 
acid number 32 (Gin) to amino acid number 16E (Ser); 

(b) a polypeptide according t^claim 1 ; 

(c) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2 from 
amino acid number 41 (Gin) to aminoyacm number 14^ (He); 

(d) a polypeptide corrprKing the annno acid sequence of SEQ ID NO: 2 from 



amino acid number 41 (Gin) to aminoyacid 



>er 56 (Val); 



(e) a polypeptide comprising the amino acid sequence of SEQ ID NO: 2 from 
amino acid number 69 (Thr) to anyno acid number 84 (Leu); 

(f) a polypeptideycomprising the amino acid sequence of SEQ ID NO:2 from 
amino acid number 92 (Asn) t(yamino acid number 105 (Arg); 

(g) a polypepyde comprising the amino acid sequence of SEQ ID NO: 2 from 
amino acid number 135 (Gin) to amino acid number 148 (He); 

(h) a polypeptide comprising the amino acid sequence of SEQ ID NO: 72; 

(i) a polypeptide comprising the amino acid sequence of SEQ ID NO: 73; 

(j) a powpeptide comprising the amino acid sequence of SEQ ID NO:2 from 
amino acid number 32 (Gin) to amino acid number 162 (Ser); 

(k) a^olypeptide comprising the amino acid sequence of SEQ ID NO:2 from 
amino acid numbe/ 1 (Met) to amino acid number 162 (Ser); 

(l/a polypeptide comprising the amino acid sequence of SEQ ID NO:2 from 
amino acid nunper 1 14 to amino acid number 119; 



(m) a polypeptide comprising the amino acid sequen/e of SEQ ID NO:2 from 
amino acid number 101 to amino acid number 105; 

(n) a polypeptide comprising the amino acid sequence of SEQ ID NO:2 from 
amino acid number 1 26 to amino acid number 131; 

(o) a polypeptide comprising the amino acid s/quence of SEQ ID NO: 2 from 
amino acid number 1 13 to amino acid number 118; 

(p) a polypeptide comprising the amino aci/fl sequence of SEQ ID NO: 2 from 
amino acid number 158 to amino acid number 162; and 

wherein the polypeptide elicits an immijne response in the animal to produce 
the antibody; and 

isolating the antibody from the anima] 



26. An antibody produceifi~l)y thp7 method of claim 25, wherein the 
antibody binds to a zalphal 1 Ligand polypemid( 



27. An antibody which spe/ifically binds to a polypeptide of claim 1 . 



28. A method of stimulafting an immune response in a mammal exposed to 
an antigen or pathogen comprising the steps of: 

(1) determining directly pr indirectly the level of antigen or pathogen present 
in said mammal; 

(2) administering a ccmiposition comprising zalphal 1 Ligand polypeptide in 
an acceptable pharmaceutical vehicleT; 



(3) determining dirgctly or indirectly the level of antigen or pathogen in said 



mammal; and 



(4) comparing thef level of the antigen or pathogen in step 1 to the antigen or 
pathogen level in step 3, where/n a change in the level is indicative of stimulating an immune 
response. 



29. The method of claim 28, further comprising: 
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(5) re-administering a composition comprising zalphaVl Ligand polypeptide in 
an acceptable pharmaceutical vehicle; / 

(6) determining directly or indirectly the level of antigen or pathogen in said 
mammal; and; / 

(7) comparing the number of comparing the antmen or pathogen level in step 1 
to the antigen level in step 6, wherein a change in the level is indicative of stimulating an 
immune response. / 

30. The method according to one of claims 28 or 29, wherein the antigen is 
a B cell tumor; a virus; a parasite or a bacterium. / 

31. A method for expansiorrof hematopoietic cells and hematopoietic cell 
progenitors comprising culturing bone marrow or peripheral blood cells with a composition 
comprising an amount of zalphal 1 Ligand /sufficient tojproduce an increase in the number of 
lymphoid cells in the bone marrow or perii;jhemlj>l^ cells as compared to bone marrow or 
peripheral blood cells cultured in the absence pf zalphal 1 Ligand. 

32 The method of cmim 31, wherein the hematopoietic cells and 
hemopoietic progenitor cells are lymphoid cells. 

33. The method of yclaim 32, wherein the lymphoid cells are NK cells or 
cytotoxic T cells. / 

34. The methofl of claim 31, wherein the composition also comprises at 
least one other cytokine selectofl from the group consisting of IL-2, IL-15, IL-4, GM-CSF, 
Flt3 ligand and stem cell facto/ 

35. A rnethod of reducing proliferation of neoplastic B or T cells 
comprising administerincf to a mammal with a B or T cell neoplasm an amount of a 
composition of zalphal/ Ligand sufficient to reduce proliferation of the neoplastic B or T 
cells. / 
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36. The method of claim 35 wherein the d&mposition also comprises at 
least one other cytokine selected from the group consisting ^f IL-2, IL-15, IL-4, GM-CSF. 
Flt3 ligand or stem cell factor. 



37. A method of reducing proliferanon of neoplastic B or T cells 
comprising administering to a mammal with a B oy T cell neoplasm an amount of a 
composition of zalphal 1 Ligand antagonist suffic^nt to reducing proliferation of the 
neoplastic B or T cells. 



38. The method of claim 37, j^herein the composition also comprises at 
least one other cytokine selected from the gro/p consisting of IL-2, IL-15, IL-4, GM-CSF, 
Flt3 ligand or stem cell factor. 

39. The method of cl^igft 3J< wherein the zalphall Ligand antagonist is 
ligand/toxin fusion protein. 



y 40. A method of stipulating an immune response in a mammal exposed to 

O 

an antigen or pathogen comprising: 

(1) determining a leyfel of an antigen- or pathogen-specific antibody; 

(2) administering a composition comprising zalphal 1 Ligand polypeptide in 
an acceptable pharmaceutical veBicle; 

(3) determinin^a post administration level of antigen- or pathogen-specific 

antibody; 

(4) comparin^g the level of antibody in step (1) to the level of antibody in step 
(3), wherein an increase iiy antibody level is indicative of stimulating an immune response. 

42:- A method of detecting the presence of zalphal 1 Ligand RNA in a 
biological sample, comprising the steps of : 

(a) contacting a zalphall Cj^an/^^ nucleic acid probe under hybridizing 
conditions with either (i) test RNA mgJtetSules isolated from the biological sample, or 
(ii) nucleic acid molecules synthesLfed from the isolated RNA molecules, wherein the 
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probe has a nucleotide sequence comprising/ either a portion of the nucleotide 
sequence of the nucleic acid molecule of claiin 18^ or its complement, and 

(b) detecting the formation of^bryis of the nucleic acid probe and either 
the test RNA molecules or the synthesii^&Tiucleic acid molecules, 

wherein the presence of the hyorids indicates the presence of zalphal 1 Ligand 
RNA in the biological sample. 

A method of detecting the prese;af6e of zalphal 1 Ligand in a biological 



sample, comprising the steps of: 



(a) contacting the biologic^y^ampJe with an antibody, or an antibody 
fragment, of claims 26 or 27, wherein/the contacting is performed under conditions 
that allow the binding of the antibogfy or antibody fragment to the biological sample. 



and 



(b) detecting anjuff the bound antibody or bound antibody fragment. 




